Rarely, peritoneal dialysis (PD) is complicated by a hydrothorax, often referred to as a pleural effusion, that commonly occurs early after starting PD and is usually right-sided. We illustrate three cases of atypical hydrothorax presenting in PD patients. Case 1 is a 72-yearold lady with left-sided pleuroperitoneal communication confirmed on nuclear imaging. Case 2 is a 50-year-old lady who presented with right-sided pleuroperitoneal leak which occurred 11 months after commencement of PD. The last case is a 64-year-old man with congestive cardiac failure secondary to ischemic heart disease who had recurrent right-sided pleural effusion despite multiple pleural drainage. He continued on PD with no drainage problems. Pleuroperitoneal leaks need to be excluded even in patients presenting with left-sided effusion and in those who present late after commencement of PD.
Introduction
Peritoneal dialysis (PD) is an excellent initial form of renal replacement therapy, but like all renal replacement modalities coming with a number of infective and non-infective complications, rarely these include hydrothorax in up to 7% of all PD patients [1] . When this does occur, it is usually right-sided and characteristically occurs early after starting PD. We present three atypical cases of hydrothorax complicating PD.
Case Reports

Case 1
A 72-year-old female, with renal failure secondary to reflux nephropathy and other comorbidities including cardiac dysfunction, was started on PD. She presented 2 weeks later complaining of increasing dyspnea and peripheral edema, which were managed by increasing her diuretic dose and changes in her dialysis regimen. Her symptoms did not improve and a week later she had a chest X-ray (CXR) (Fig. 1a) showing a left-sided pleural effusion. A technetium-99m DTPA scintigraphy confirmed a left-sided pleuroperitoneal communication ( Fig. 1b) with appearance of the tracer in the left pleural space. PD was ceased and she was commenced on hemodialysis and underwent drainage of the pleural fluid. Pleural fluid analysis showed LDH 36 IU, glucose 7.1 mmol/L, protein < 8 g/L compared to serum values of 287 IU, 6.1 mmol/L and 55 g/L respectively. The patient had a normal follow-up CXR and no further dyspneic episodes.
Case 2
A 50-year-old female reached end-stage renal failure from IgA nephropathy and started on PD in August 2013 and did not encounter any problems until February 2014 when she developed constipation. This was treated conservatively with increasing aperients. Shortly after, she encountered more drainage problems and her abdominal X-ray showed a malpositioned PD catheter tip which was located in the right hypochondrial region. Encouraging bowel motility failed to help reposition the catheter back into the pelvis and she underwent laparoscopic repositioning, seemingly without problems. She was re-started on low volume PD, but she had difficulty with PD fluid retention even with icodextrin and started to complain of dyspnea. CXR revealed a right pleural effusion (Fig. 2a, b) and a PD-related hydrothorax was suspected and subsequently confirmed after aspiration. This necessitated removal of the PD catheter and temporary transfer to hemodialysis (HD) before she was recently transplanted.
Case 3
A 64-year-old man with diabetes and a history of ischemic heart disease with previous extensive cardiac revascularization presented with mildly increased exertional dyspnea 11 months after starting PD. Clinically a large right pleural effusion was noted and confirmed on CXR (Fig. 3 ) and a leak was suspected. PD scintigraphy could not demonstrate a pleuroperitoneal connection and dialysis was otherwise going reasonably well with no evidence of retained fluid and euvolemia. The effu- 
Discussion
Pleuroperitoneal leaks after PD are usually right-sided and often occur early (within a month) after commencement of PD [2] . Determining whether the symptoms of hydrothorax are due to PD leak rather than other conditions may be difficult, as all such patients may complain of dyspnea or orthopnea, although hydrothorax may be asymptomatic in up to 25% of patients [3] . Other conditions giving rise to isolated pleural effusion include pulmonary infarction, congestive cardiac failure, pericardial disease, neoplasm and pneumonia, all of which may be present in co-morbid patients with renal disease. This is especially important when one considers that there is no pleural effusion side predominance with cardiac failure related effusions [4] and as illustrated in case 3 which can look suspiciously like a pleural leak. Whilst the diagnosis of hydrothorax due to PD is one that is often presumptive, based upon the time of presentation (shortly after commencement), and the side of the effusion (right), this is not always reliable and we illustrate this by presenting a series of atypical presentations of such cases.
The cause of PD fluid leaks are considered to be mainly due to congenital or acquired diaphragmatic defects, with very occasional disorders of lymphatic drainage or severe overfill with high pleuroperitoneal pressure gradients [5] . The migration of dialysate through acquired defects is said to be unidirectional and can occur as a result of the negative pleural pres- 
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World J Nephrol Urol. 2015;4(4):256-259 sure accompanied with the positive pressure of the peritoneal cavity [6] and congenital defects may exhibit a more bidirectional flow perhaps due to larger size [3] . The fact that similar intra-abdominal problems such as cirrhosis [7] , which also usually produce right-sided effusions due to presence of ascitic fluid in the intra-abdominal cavity, suggests that the right side of the chest has an anatomical predisposition for this type of leak and explains why the majority (nearly 90%) of these leaks are right-sided [3] . Part of the reason may lie in the fact that the heart and pericardium cover such defects on a large part of the left-sided diaphragmatic surface [3] . However, this may not be the full explanation of the very right-sided predominance of this condition and others have invoked the presence of an embryonic remnant known as the processus vaginalis peritonei, which results in a pneumatoenteric recess connecting the peritoneum with the right side of the chest [8] .
Our second case demonstrated that a PD leak occurred only after catheter repositioning which involved pneumoperitoneum. This procedure was temporally associated with the development of the pleural leak and we speculate was important in opening a passage between peritoneum and right-sided pneumothorax from pneumoperitoneum, which has been previously reported [9] . A left-sided pleural effusion in PD patients frequently provokes anxiety and a search for another cause of left-sided effusion, especially in the presence of dyspnea [10] . A prompt diagnosis of hydrothorax due to dialysate is required to prevent exacerbation of symptoms and recurrence, but more importantly to prevent unnecessary diagnostic imaging and other procedures as it is so unusual. Other than apparent loss of ultrafiltration [10] , investigations that may aid in diagnosis include CXR, paracentesis with analysis of pleural-to-serum glucose and LDH levels, computerized tomography, magnetic resonance, and scintigraphy [11] . Conservative management of the pleuroperitoneal leak has been reported [12] using lower fill volumes or temporary conversion to hemodialysis for a "PD rest". However, in our experience this almost always requires the interruption of PD and surgical intervention [3] . If PD is to continue, treatment options include chemical or physical pleurodesis with open thoracotomy or video-assisted thoracoscopic surgery, with success rates of returning to long-term PD reported in 48-88% [11] .
Conclusion
Formation of hydrothorax in patients on PD is an uncommon but a well-established complication. Left-sided hydrothorax is particularly uncommon but does occur and should be excluded before other diagnostic possibilities are entertained. However, a large unilateral pleural effusion can be caused by other problems including cardiac failure. Whilst most pleuroperitoneal 
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